Background More knowledge about the impact of elbow arthroplasty is needed.
INTRODUCTION
Rheumatoid arthritis (RA) is the most frequent inflammatory rheumatic disease, with a prevalence of 0.5% to 1.0% in the adult population in Western countries [1] . It is a chronic disease, resulting in joint swelling, tenderness, pain and stiffness, and may cause varying degrees of joint destruction [2] .
It is reported that 20% to 50% of RA patients show clinical and radiological evidence of elbow joint involvement [3, 4] . Normal elbow function is required for positioning the hand, which is crucial in performance of daily activities (e.g. reaching the hand to the mouth). A loss of elbow function, therefore, may cause severe activity limitations, and is considered to be more disabling than loss of shoulder or wrist function [5] .
Nonsurgical treatment is the first choice in patients with elbow joint involvement, including oral analgesics, intra-articular steroid injections, physical therapy and splinting. If conservative treatment no longer provides relief, total elbow arthroplasty is considered to be an important treatment option. Patients with RA frequently experience multiple joint involvements, and the total arm function, also including the shoulder and hand joints, must therefore be considered before deciding upon the most optimal treatment.
Joint replacement may provide a satisfactory result for patients with severe elbow joint destruction [6] . However, because of factors related to survival of the prosthesis, the patient's age and expected activity level must also be considered [4] . Studies reporting the results obtained after elbow arthroplasty are mainly based on the clinical assessment of joint function, most often presented as the range of motion (ROM) [6] . Only a few studies have evaluated the results of elbow arthroplasty using a comprehensive set of standardizedpatient-reportedinstrumentsandclinicaltests [3, 7, 8] .
Although a variety of scores exists, few of the patient-and clinicalassessed instruments available for evaluating the functional and clinical state of the elbow have been validated for measuring outcomes of elbow arthroplasty [9] . Because loss of elbow function may influence health-related domains on an impairment level as well as on activity and participation levels, tests and instruments used for monitoring and evaluating the result of elbow arthroplasty ideally should cover all these domains [10] .
In a cross-sectional follow-up examination conducted 1 year to 5 years after total elbow arthroplasty in patients operated at Diakonhjemmet Hospital, several frequently used methods and instruments for measuring elbow function were applied concurrently. The aims of this comprehensive examination were to describethelevelofpain andfunction in patientswith elbowarthroplasty and to determine psychometric properties of clinical-and patient-assessed instruments for an evaluation of elbow function after total elbow arthroplasty.
MATERIALS AND METHODS
As part of a routine postoperative examination of patients with total elbow arthroplasty operated at Diakonhjemmet hospital during the last 5 years (2002 to 2007), we developed a protocol for evaluating the properties of the most commonly used clinical-and patient-assessed instruments for elbow function after total elbow arthroplasty.
Patients aged 18 years or older with uni-or bilateral elbow prostheses (primary or revision surgery) were considered for the study. All patients met for follow-up in the same short time period, independent of time since last surgery. Patients were excluded if they had a malignant disease, alcoholism, serious mental problems or cognitive impairment.
According to standard follow-up routines, the examination of the elbow joint comprised ROM, grip strength, pain-and patientassessed functioning. The clinical tests were performed by a surgeon and a physiotherapist and the patients answered two standardized questionnaires.
Normative data for grip strength, ROM and Disability of the Arm, Shoulder and Hand questionnaire (DASH) were drawn from relevant publications [3, 11, 12] .
Patient-assessed instrument
The shortened disability of the Arm, Shoulder and Hand questionnaire (Quick-DASH) is a shortened version of the DASH, and is a patient-assessed questionnaire containing two items addressing pain; eight items concerning function; and one item addressing sleep quality in persons with any or multiple musculoskeletal disorders of the upper limp. Items are not attributed to the affected limb but instead focus on the individual's ability to perform activities regardless of which arm, shoulder or hand they use. Patients selfreport function on a five-point categorical scale, from 'no difficulty' to 'unable to do'. The scores for all items are used to calculate a total score ranging from 0 (no disability) to 100 (severe disability) [13] .
The full-length DASH is validated for upper extremity complaints in patients with RA [14] , and studies have demonstrated that the DASH can be replaced by the Quick-DASH [13, 15] .
A patient global assessment score was also included, where the patients rated their total elbow function on a five-point categorical scale, ranging from one to five (where five equals worst function).
Combined patient-and clinical-assessed instruments
The American Shoulder and Elbow Surgeons Elbow assessment form (ASES) is a standardized elbow evaluation form including both a patient evaluation and a clinical assessment of elbow function. The ASES patient assessment has three subscales: pain, function and satisfaction [16] . The pain scale contains five questions in which pain in the elbow-region is rated on a 10-point categorical scale (where 10 equals worst pain), and a body-figure where the patient is asked to mark the location of the pain. The function scale consists of 10 items asking patients to rate performance of daily activities on a categorical scale of 0 to 3. ASES also includes a single item where the patient is asked to rate their satisfaction with surgery on a 0 to 10 scale (10 = very satisfied) [16] . The clinicianassessed part contains an evaluation of joint motion, recorded with the use of a goniometer. The ASES also includes an evaluation of elbow joint stability and muscle strength, although these scales were not used in the present study.
Weighting of the various subscales and a standardized computation of a sum scale of ASES have not been reported [7] . In the present study, three sum scores were calculated: for pain, for function (including the patient and the clinical assessments of total elbow function), and for satisfaction.
The Mayo Elbow Performance Score (MEPS) is a clinician rated assessment of pain, ROM, stability and function on 0 to 100 scale (where 100 is the best score) [17] . Standard terminology and information considering how each item should be rated are lacking. The response items are dichotomous (present/ or absent) and the instrument is therefore less able to discriminate between different levels of functional disability [17] . Even if the MEPS is a widely used outcome measure, knowledge concerning the instruments psychometric properties is scarce [8, 18] .
Clinical-assessed measures
Grip-strength was measured with the Grippit instrument (AB Detektor, Göteborg, Sweden). Grippit measures the maximum momentary force and the mean force over a set period of time (10 seconds). The instrument consists of a grip device, an electronic unit and an adaptor for connection to a power supply. Grippit is commonly used for patients with rheumatic diseases and has been tested for psychometric properties in patients with RA [11, 19, 20] .
Statistical analysis
The socio-demographic and clinical variables were presented as the mean ± SD for continuous variables, whereas frequencies (percentage) were calculated for categorical variables. Clinical measures (ROM and grip-strength) were visualized with scatter plots and compared with age-and gender-matched population-based scores.
To explore the level of function in different activities, the single items of the Quick-DASH were presented with minimum and maximum scores. We also examined possible floor and ceiling effects, and considered these as present if more than 15% of the respondents achieved the lowest or highest possible score, respectively. Internal consistency (i.e. how well a set of items measures a unidimensional construct) was tested by Cronbach's alpha coefficient. A Cronbach's alpha <0.70 was considered acceptable [21] .
Correlations between measures were examined by Pearson's correlation coefficient (r), and the coefficients of determination were used to calculate shared variance between the different scores and the Quick-DASH. Because all assessments measure elbow function, we hypothesized that the correlation coefficients between the scores would be high (r ≥ 0.7). The Quick-DASH is a comprehensive patient-reported measure, comprising a frequently used measure of arm function, and was therefore used as dependent variable in a multiple regression analysis.
For comparison, all scales were transformed to 0 to 100, with 100 representing best function.
For statistical analysis, SPSS, versions 15.0 and 16.0 (SPSS Inc., Chicago, IL, USA), was used. p < 0.05 were considered statisitically significant. 
RESULTS
Thirty-two patients were included in the present study (24 women and eight men), with a mean age of 68.5 years (21 minimum-maximum years to 93 minimum-maximum years). The mean ± SD duration of the current arthroplasty was 3.1 ± 1.2 years. In 56% of the patients, the arthroplasty was revised one or more times. Twenty-four participants had RA; the other participants had other rheumatic diseases or post-traumatic arthritis.
The patients reported moderate level of pain (mean ± SD = 77 ± 22),whereasthemean ± SDupperarm function was47 ± 20, as measured with the Quick-DASH. Furthermore, the mean ± SD satisfaction score (ASES) was 69 ± 23, with 56% of the patients rating their elbow function as good or very good (Tables 1 and 2 ).
The mean ± SD flexion/extension arc was 97.6 • ± 21.4
• (compared to 140
• in healthy populations) and the mean maximal grip-strength was 118.93 N for men and 54.33 N for women (compared to 430 N and 220 N, respectively, in healthy men and women) (Fig. 1) . The sum score of the Quick-DASH was normally distributed, but single items showed ceiling effects for grip-strength activities (open jar and recreational activities) and floor effects for the item addressing interference of arm function with normal social activities (47% and 44%, respectively) ( Table 1 ). The internal consistency (Cronbach's alpha coefficient) of the Quick-DASH scores was 0.90. For ASES pain, ASES function and MEPS the Cronbach's alpha coefficients were 0.88, 0.94 and 0.70, respectively (Table 1) . In a multivariate regression model, grip-strength contributed significantly (p = 0.03), whereas ROM did not contribute to the variation of the Quick-DASH score (p = 0.81). Because of the well known difference in grip strength between men and women, the multivariate analysis was performed for men and women separately, and reported in detail only for women (Table 3) . (Neither gripstrength nor ROM contributed significantly for men, although any conclusions cannot be drawn as a result of the small sample size).
Significant correlations with Quick-DASH were found for all measures (p < 0.01), except for ROM (r = 0.2, p = 0.35). ROM explained 3% of the variance in the patient-assessed function score, whereas grip strength explained 29%. 
DISCUSSION
This comprehensive evaluation of patients with elbow arthroplasty showed that grip-strength, ROM and performance of daily activities were significantly impaired 1 year to 5 years after surgery. However, patients reported a moderate level of pain, and more than half evaluated their elbow function as good or very good. When compared with age-and gender-matched healthy controls, the participants in the present study had approximately one quarter of the normal grip strength (Fig. 2) . It is well known that patients with RA suffer from impaired hand function. In a Swedish study, the Grippit scores for women with RA were barely higher than in our joint replacement cohort [11] . Limited grip strength is expected in patients with established RA, and it is important to note that elbow joint replacement does not appear to improve hand function. The limited grip strength was also reflected in patient-assessed measures of activities because many of the patients reported worst possible scores on items requiring good hand function, such as opening a tight/new jar, and playing golf or tennis. The strong influence of grip strength on daily activities was further confirmed in a regression model, demonstrating that grip strength was more important than range of motion in explaining the variation of the Quick-DASH score. These results are in concordance with another study, in which grip strength was found to be the strongest regressor of activity limitations [20] . Thus, for optimal rehabilitation of patients with elbow joint involvement, an enhanced focus on muscle strength may be recommended.
In the present study, only 17 patients had a flexion-extension arc equivalent to or exceeding 100
• , which is considered the minimum ROM required for acceptable elbow function [12, 22] . These results, as well as the scores on the functional scales, confirm that many of the participants experience difficulties in performing daily activities. However, despite these physical limitations, patients reported being fairly satisfied with the result of their elbow arthroplasty. Furthermore, patients reported the interference of the elbow affection with social activities to be surprisingly low. This is in contrast to the results obtained in other studies in which individuals with RA often report that they experience restrictions in participation and social roles [24, 25] . One reason for these discrepancies may be that the elbow arthroplasty was performed in a later disease stage in our participants, and that they, during a long-term disease course, have learned to compensate for the loss of specific functions by developing adaptive strategies.
Evaluation of instruments
Validity is an elusive concept measured by a variety of methods.
In the present study, a construct validation process was applied by comparing measures designed to assess the same concept of function. The included measures of function showed similar properties, although Quick-DASH provided additional information on patients' limited hand function. Significant floor effects were found for the Quick-DASH-items involving grip strength. In accordance with this finding, a significant correlation was also found between the Quick-DASH and grip-strength (r = 0.54, p < 0.004). Thus, there appears to be a strong association between elbow function and grip strength, and an examination of grip strength should therefore comprise part of a complete assessment of the results of elbow arthroplasty. By contrast, the association between the Quick-DASH and ROM score was weak (r = 0.18, p = 0.35), indicating that limited elbow motion has less impact on activity performance compared to the impact of reduced grip strength. This was also confirmed in a multiple regression model with the Quick-DASH as dependent variable.
All the patient-assessed measures included in the present study comprise a combination of items addressing pain and function. Nevertheless, the mean Quick-DASH sum score was lower (worse function) than the other scores. This is probably the result of an unequal weighting of function and pain in the different studies, emphasizing that pain and function are two different concepts, even if they are correlated [3, 9] . Pain is regarded as the most important factor affecting health perception. It is therefore not surprising that patients' report being satisfied with the surgery based on their perceived pain reduction [23] . However, to optimize the benefit of the intervention, patients' assessment of general function and specific joint function should also be included in an evaluation elbow function.
The concurrent use of both clinical-and patient-assessed measures allows for a comparison of the perspectives of patients and health professionals. The discrepancy in the scores derived from clinical-and patient-assessed measures demonstrated in the present study is supported in other studies and is a well known phenomenon in chronic diseases [3, 9] . It is important to be aware that, even if patients report a low level of pain, as well as acceptable function and high satisfaction with the arthroplasty, there might still be a considerable potential for improvement in specific functions and activities.
A limitation of the present study is the cross-sectional design. Longitudinal studies are required to monitor disease course and to examine the responsiveness of outcome measures. However, the comprehensive examination performed in the present study allowed for a thorough description of pain and function in patients with elbow arthroplasty.
The present study included a rather small group of patients, although the total population is also rather small. A total of approximately 200 elbows were operated with a total elbow arthroplasty in Norway according to the National Prosthesis Register in the same time period. Other studies viewing similar aspects have approximately the same number of participants as the present study. Total elbow arthroplasty is regarded as the last treatment option in the prevention of permanent disability for elbow joint destruction.
It has been shown that the patients' view does not necessarily correlate with the clinical data [26] . Studies relying on clinical measures alone may therefore be at risk of underestimating the level of satisfaction among the patients, which may be decisive in determining the future utilization of health care resources [3, 27] . On the other hand, using patient-assessed measures alone may lead to an over-optimistic evaluation of the functional outcome, with the risk of not utilizing the true potential for improvement. To ensure optimal management and evaluation of patients with total elbow arthroplasty, both clinical-and patient-reported measures are needed.
